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ABS TRACT 

This thesis examined the relationship between variables 
describing oe nationality of ownership, and sophistication 
in technological innovation, It also extended and supplemented 
the research project reported to the Federal Department of 
Industry, Trade, and Commerce by M. J. Dunn, B. M. Harnden, 
and P. M. Maher in May 1974 under the title "An Investigation 
MUCGmLiICm lL MNa tomtom lechniolog1 cals! nnovation in Canada". 

The data base resulting from the 1974 study was extended by 
the addition of size and ownership information for most of 
Poem aGLtc Oat nge: rms seanalysismor the extended) data base 
WasmcantleauOUGwm il) MtLOLaAScertain the usefulness Of Size and 
ownership in segmenting firms according to their level of 
SOpiumstlCationwinmLecinological innovation; (2) to identify 
the characteristics of firms forming the market for an 
experimental management development program for research and 
development project selection decision makers; and (3) to 
address some questions raised by the May 1974 report. 

This study found that larger firms tended to be more 
sophisticated with respect to technological innovation than 
Sic vleGueLrinlseaAldmctiat nati oOnaliiuy. OGsOWNekSi lp 10 enOte CoOLre— 
late with sophistication. Specifically, variables describing use of 
research and development project selection techniques, changes 


in corporate organization, use of technological forecasting, 
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experience with computerized decision information systems, 
and use of games or Simulations in research and development 
project selection were found to correlate significantly 
with size. Larger firms tended to make more use of the 
techniques ane smaller firms and had changed their 

GOOG CalLeCmst CUCEULesLOman greater extent than smaller 


firms. 
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CHAPTER AL 
INTRODUCTION 


Dero rronuGelonmtO stiemocudy 

This chapter presents an overview of the research 
project and discusses the rationale behind it in terms of 
UeSepeact Calsapplicatiouseas: Weldeas, its academic interest. 
The links between this study and a related project by 
M. J. Dunn, B. M. Harnden and P. M. Maher are explained and 


the objectives of this study are presented. 


II. Overview 

This study examines whether the size of a firm or the 
nationality of its owners has any effect on the firm's 
attitudes and practices with respect to technological inno- 
vation. In particular an attempt is made to determine whether 
the variables size and nationality of ownership are useful 
toe seomenting tarms, accordings CO their level ot sophistication 
in the area of technological innovation. 

Information describing the level of sophistication in 
firmss was collected, by M.eJ. Dunn, B..Ms Harnden ANnGsbe aris 
Maher (all from the University of Alberta, Faculty of 


Business Administration and Commerce) as part of their 
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"Investigation Into the Climate for Technological Innovation 


ine Canadad i+ 


Dunne eCiealfereltrethatwaytirmcslevele@ot 
sophistication in the area of technological innovation could 
be described by Variables such as: use of research and 
development project selection techniques; changes to 
centralize or decentralize decision making; changes from 
line-staff to program management; use of technological 
forecasting; use of computerized decision information 
systems, and use of games or simulations in research and 
development project selection. In fact, Dunn et al. defined 
and collected information about 180 variables for their 


Stud yveoOteeecnnologicalsinnovation’. ~Thei variables listed 


above are those which were found to be germane to this study. 


III. Rationale 

Attempts to improve the level of sophistication among 
Eirismerepresentedmin ene cata collected by Dunn et al. either 
through the development of counselling and instructional 
PLogrdais,, Ouethrougn the direct expenditure Of resources, 
would be expedited if the firms were segmented as follows: 

i According to their level, of sophistication, so that 
the program could be reasonably succinct. 

2. According to some variable which would provide a 
basis for deciding on lével or Support. For 
example, an expenditure of $20,000 would be expected 
to have much more impact on a small firm than a large 


firm in terms of seeding interest in improving the firm's 


ve 
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level or sopirstication in technological innovations’ For 
very large firms an expenditure of a different order of 
magnitude might be required. 

3. According to the nationality of ownership, since 
expenditure of public resources might be sensitive to this 
Bato. 

In addition to these "practical" motives for developing 
Size and ownership data, there are also academic interests 
in the matter. Intuitively one would expect size of firms 
to be an important variable to look at when considering 
ways of segmenting firms according to different levels of 
sophistication in the area of technological innovation. 
Without consulting the literature, one might recall two 
opposing points of view on the matter: the first is that 
sophistication in this area is expensive and thus only 
large firms can afford it, €.g., IBM Research, Bell 
Laboratories, etc...; the second is that innovation comes 
from the small entrepreneur who is free to be creative 
without worrying about corporate policy, internal politics, 
or layers of bureaucracy.* These viewpoints are to some 
extent contradictory and can be investigated by segmenting 
firms according to size and sophistication. 

The question of foreign ownership of Canadian businesses 
is a cause célébre at the present time and it is of interest 
to determine whether nationality of ownership makes any 


difference in a company's attitudes and actions with respect 
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to technological innovation. If foreign owned firms are 
more (or less) sophisticated than Canadian owned firms 


then the@ramirications o£athiseshould (be studied: 


IV.) the Dunn, Harnden, and Maher Study 
The present study takes as its starting point the 
data base collected by Dunn et al. as part of their research 
program aimed at "the design and development of an experi- 
mental management development program for research and 
development project selection decisionmakers"*. The first 
phase of that program was reported to the Federal Department 
Ofmindustry, trace and) Commerce in May 1974 in a report 
entitled "An Investigation Into the Climate for Technological 
Innovation in Canada"’. 
Dunneetwal. noted that Gwo major Eactors influenced 
their research: 
(L)thneslhacksos empinicaltdavagwitherespect to 
decisionmaking in Canadian technologically based 
Ondaniwzauwonsyminepanticulas the Packvot data 
with respect to decisionmaking in the area of 
project selection and evaluation, and (2) the 
apparent need for a Canadian management develop- 
ment program aimed at increasing Canadian managers’ 
skills in the use of modern decisionmaking 
Gechniiqucsmaes: sha 
Their research program included three activities: 
1. The collection and analysis of empirical 
data pertinent to the research objectives. 
(Collection was by means of an extensive 


questionnaire [see appendix A] mailed to all 


companies in Canada reporting research and 
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development activities’ as of the fall of 1973. 

Analysis was carried out using subroutines available 

in the Statistical Package for the Social Sciences® 

at thesUnuversity@of Alberta Computing Centre) * 

oa Vass ee of the "state-of-the-art" of management 

games and simulations. 

3. Interviews with a subset of those managers 

responding to the questionnaire. 

TheswOork=obeaDunn ect ali. was one of the first collections 
OLeeipinical, data about decision making in the area of 
research and development project selection and evaluation 
in Canada. Their data did not include information about the 


size or nationality of ownership of the responding firms. 


V. Objectives 
This study has as its objectives: 
1. To ascertain whether the variables size 
and nationality of ownership are useful 
in segmenting firms according to their level of 
sophistication in the area of technological innovation. 
2. To advance the work of Dunn et al. by identifying 
the characteristics of the firms forming the market 
for their experimental management development program. 
3. To address the important questions raised in 
G@larkevc ecriatique ol thie May 1974 report. by) Dunn 


et al. Clarke's questions are listed below: 
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a. How do Canadian owned and controlled firms 
compare with U.S. and other foreign owned firms 
with respect to the use of sophisticated 
management techniques in the area of research 

and development project selection decision making?° 
b. Are new management techniques being adopted 


by smaller companies?’ 


VI. Summary 

This study extends the data base collected 
by Dunn et al. to include size and ownership information 
Lore neonmrespDOnG I ngerirms meeAnalysls ObNLne extendcd data 
base is carried out to ascertain the usefulness of the 
new variables in segmenting the firms in the data base 
accor InguLOomtneir ssophisticatton,: in technological @inno— 
Vaal Onsancmt Gurdchtmunyitne Charackegiushics son Girms 
forming the market for an experimental management 


development program. 
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Notes stor Chapter I 


Lu. JeeDumn and BoM. Harnden (in collaboration with 


Pe eeMatcrw) Ane investigaliaon Inco the Climate for 
Technological Innovation in Canada (Edmonton: An 
Unpublished Report Submitted to the Department of 


industry,— TLade,wana commerce, Ottawa, May 1974) ,p. 6. 
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Package for the Social Sciences. (USGA. ee MecGraw-Hiv lL Ltd, 
12987 08) 


Deno nanan Fron Ee clacke, Ministry of State 
for Science and Technology, "Critique’' of Dunn and Harnden 
Repore= (Contidential), July 24, 1974. 
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CHAPTER IIL 
ASREVLEW OF THE LITERATURE 


A review of pertinent literature was made in 
ordermitor ascertain whatune lationships) might® be expected 
to exist between the size and ownership of Coeai an based 
firms and technological innovation. This chapter reports 
on the results of this review under the topic 
headings of Size, Ownership, Productivity and 


Structure. 


ee 

Literature references to the effects of size in 
determining the climate for technological innovation 
are not widespread. Wilkinson’ noted studies by 
English, Eastman, Safarian and cothers wire srepOrimacne 
existence of "external economies" in highly industrialized 
areas, such as the U.S., West Germany, ancdsesweden. " Exter= 
nal economies, in this case, refers to specialized services 
available, higher than normal concentrations of suppliers, 
transportation teriinars p7etc. These teactors) produce 
advantages for entrepreneurs, which facilitate innovation 


and the realization of innovative processes. In addition, 
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in highly industrialized areas, concentrations of highly 
trained manpower exist which also facilitate the rapid 
commercialization of the results of the innovative process. 
Wilkinson’? discusses "dynamic scale economics" or 
"learn-by-doing" economies as postulated by Posner, 
Arrow, and Kaldor, noting that they suggest 
"that as a nation gains in production experience, 
Precan Produce moreverficrently, so tEnat greater 
output and hence lower unit costs are achieved 
from the same inputs. In essence, the dynamic 
economies attained mean that the nation's tech- 
noloqyveiseaneadwo® that or *other nationsa"* 
Two important points can be made with respect to dynamic 
scale economies: 
wh 


(I) seheyeapply tor+mLirms” as "well ‘as "nations 


and 

(2) the advantages they provide are irreversible, 

once obtained, so long as new products continue 

to be developed. »° 

Therefore, temignt be expected that size’ of the 
firm and success in technological innovation are positively 
COLECHATCO pit C ep tne larger tnestirm tne greater the 
success in mecnnoleg Test innovation. Remembering that the 
curve describing the life cycle of a” product flattens at 
the top, the advantages noted above will be particularly true 
for firms where product cycles are overlapping and new product 
development is programmed in such a manner that product ihehses! 


cycles are longer than the time that it takes to "Spin off" 


derivative products. 
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II. Ownership 

Recent statistics published by the federal depart- 
ment of Industry Trade & Commerce indicate foreign 
ownership of 37 percent of the assets of non-financial 
corporations in Canada in 1970. Foreign ownership in 
some sectors of the economy ranged much higher, for 
example, manufacturing was 59 percent foreign owned and 
parts of the oil industry were 99 percent foreign ne 

In recent years the question of foreign ownership 
has become an emotional and political issue in Canada. 
The Committee for an Independent Canada was formed in 
1970 and claimed 25,000 members by 1972. The Federal 
Government and several Provincial Governments reacted to 
the pressure from the Committee for an Independent Canada 
and other groups by forming high level committees to 
study the question of foreign ownership. The reports of 
these committees provide some of the most complete 
documentation of the subject in existence. Examples of this 
include the Gray Report, the report of the Ontario Interdepart- 
mental Task Force on Foreign Investment, and the Report 
of the Government of Alberta Select Committee on Foreign 
Investment, Consideration of the effects of ownership 
in determining the climate for technological innovation 
thus leads into an area characterized by both private and 


public concern. 
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Concern about foreign ownership of Canadian industry 
andmwlLeSsme 2 ects on technological innovation in Canada 
beganmatethemcurnnOte tie: Century, At that) time British 
investment was the source of concern. However, Since 
World War I, and more particularly since 1957, interest 
has focussed on the effects of U.S. ownership of Canadian 
imoustry seer On example, Dr. He. W. R. Steacie (President 
of the National Research Council) made the following 
statement to the Royal Commission on Canada's Economic 
Prospects (the "Gordon" Commission). 


There are two main factors which have affected 
the development of industrial research in Canada. 
In the first place in a pioneer country primary 
industries develop first and secondary industries 
come rather late into the picture. As a result 
goods Gacijitiess forerescarchaingagraculturesand 
in mining developed long before industrial re- 
Sea lela se SUChagOts GOundeatwalis wThisaasethe 
normal course of the development of research in 
BmCOUMEL Vase te becomes: industrialized, lhe 
second factor is that because of the proximity 
of Canada to the United States and because of the 
financial relationship between Canadian and 
Americans anda britishjeati cms .most, Canadian 
plants are essentially branch plants and re- 
search is normally done by the parent organiza- 
tion outside the country. As a result Canadian 
industry has been largely dependent on research 
Pit hemUMitodmoLatesmonCen Nebr Cod. sLhew mes Lt 
CLathl cmLSmt hate byECOMpDas | sOnmWwit imate Und ted 
Ctatess OLeRritain relatively litle imdustriar 
research has been done in Canada by industrial 
organizations while a great deal has been done 
by Government agencies for the industry.’ 


Dr. Steacie's concern has been echoed more recently 
by [hbberenliety Lamontagne, the Gray Report and the Science 


Council of Canada.?? 
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The general viewpoint in the literature cited above 
Psethat Canadauan technological innovation suffers because 
of foreign ownership. It suggests that plants operating in 
Cano Mle mtOmDemOLoNCM aD cantoro: ine Targe UlSs. Parent 
amass (xe reine ea” operations. The Gray report defined a 
truncated operation as an operation without a full range of 
company services, e.g., a field sales office. When a foreign 
Prrmeconsicderesall Canada to be “the firela crtfice™ then Canada 
loses management jobs, research and development labs and 
decision making power. Branch plants import what is called 
component technology, i.e., just enough technology to esta- 
blish plants scaled to the Canadian market. Some of these 
writers allege that Canadian managers are most often charged 
with innovating only to the extent necessary to maximize 
profits in Canada based on the standard U.S. product line 
(which may or may not be modified for Canadian conditions). 
There is general agreement that this discourages innovation 
by Canadian management and results in many missed oppor- 
tunities in international markets. Research and development 
is primarily carried out at the U.S. head office while 
Canadian managers are merely told what to do and how to ele). ahee 

On the other hand, Safarian!* found no statistical 
difference between the amount of research and development 
done by resident and non-resident owned fic een adds tion, 
Wilkinson makes the point that 

. . . the non-resident owned firms may have 


access to the research results of their U.S. 
parents [this] suggests that they would have 
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a larger store of knowledge to draw upon and 

consequently would be able to produce more 

innovations per dollar of additional research 

WronenecGanada..(- 

If the findings of Safarian and Wilkinson are extra- 
polated one might expect there to be little difference 
in the level of technological innovation between foreign 
owned firms and Canadian owned firms except for that 
traceable to systematic size differences between countries. 
Pre aecOUnLLYmscerIrmomtenaeds to be bigqgersthan those of 
another country then the former's firms would have a "larger 


store of knowledge to draw upon" and Wilkinson's point might 


prevail. 


Di eee rOOUCHINEtyY, 

Recent studies sponsored by the Economic Council of 
Ganauda® @thaveiinda catediithat an the early:2970! ssprices and 
costs of comparable manufactured goods were typically higher 
in Canada than “in the) U.S. These price differentials re- 
flected the fact that levels of output per person employed 
in the various sectors of Canadian industry were considerably 
lower than similar levels in the same sectors of the U.S. 
ScOnomy .Lelnius A. pLOducti yi tyagapumiass been hel object of 
much scrutiny in recent years and was mentioned in a recent 
paper by. ws Dally tand Rein, Petersonpot York Uniwersuty >>. 
Daly and Peterson addressed the question of the pattern of 
decision making in Canada. Their view was that Canadian 
Managers have adopted a survival strategy characterized by 
resistance to change rather than innovation, creativity, and 
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Daly and Peterson reported that studies have shown 
that the level of real net national income per person 
employed in Canada was about 18.3 percent lower than 
Enos ao er evel. Differences in the quantity of factor 
inputs (capital, land and labour quality differences) 
accounted} for only 0.7 percent: This is a relatively 
insignificant amount because the remaining difference 
in per capita income (17.6 percent) was not explainable 
lyeotAberencesuineallefactor inputs. Daly and Peterson 
point out that this remaining gap in output per person 
employed can only be accounted for by the relative 
efficiency with which resources are being used by 
Canadian decision makers. Daly and Peterson suggest 
Pid range pO ata teaactOhed le LieuprOoduceIViLy Gap 1s 
"the relatively low level of professionalism practiced 


by Canadian management."?’ 


By this they mean the apparent 
lack of use of more sophisticated quantitative aids for 
decision making by Canadian managers. Daly and Peterson 
go on to state that this lower level of professionalism 
appears to be the result of: 
(1) a traditional decision making style that has 
not emphasized risk taking, entrepreneurship, 
nor scientific approaches to decision making, 
ina Lack Ore rortally. trained, yeu experienced 
decision makers who supplement their intuitive 
decision making style with rational, analytical 


approaches based on the scientific method, and 
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Economic Council of Canada Staff Study # 23 reports 
that productivity gaps exist between Canada and Europe 
and Canada and the United Kingdom, as well as between 
Canadavand the U.S.A. : 

The share of growth associated with increases 

OretaCloOlmprocuctivicy was smaller an Canada 

SyeeticerentodelISQ-L9G2) than in any of the other 

countries -[U.S., Belgium, France, Germany, 

Netherlands, Denmark, Norway, United Kingdom, 

Ltaly].4e 
Trietacte>s0spercent of Canadian GNP growth in that period 
was attributable to increased factor productivity as 
compared with 75 percent in N.W. Europe.?7°® 

Hhewstudiesenoved below link factor productivity or 
changes in factor productivity with technological innova- 
E1OngOnene latedh factors (e.gs, industrial research and devel-— 
opment). The Economic Council of Canada stated: 

inemost industries, as at the national level, 

PNcheascomlieraclOreproductiVity arise from a 

very wide range of influences such as improve- 

ments in technology. 7} 

The Science Council of Canada noted that the difference 


in Canada versus U.S. manufacturing output is 


Usuallysateriputedate [among Others things] ©. 7. 
lessmefttctent) transfer sor technology. —— 


Lamontagne (Volume I) noted that, while Canada 
has a relatively large professional labour force 
engaged in research and development activities, (see 
table 1), Canada's performance, as compared with that 
of nine other industrialized countries, has not been 


very good in terms of four indicators of technological 
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innovation. ? These four indicators are: 


(1) Location of 100 significant innovations since 
1945 (Canada ranks tenth). 


(2) Monetary receipts for patents, etc., 1963 - 
1964 (Canada ranks eighth). 


(3) Number of patents taken out in foreign 
countries, 1963 (Canada ranks ninth). 


(4) Export performance in Research intensive 
DECUUGE Groups, 19655-8965 (Canada ranks ninth). 


PMmoadcd) CLONn a CanaGdaeranks: tenth out of ten:in: the 
OECD composite ranking (see table 2) and it is a fact 
that Canadian industry performs less research and 
development than industry in most other advanced 
CoOuUner1eS mp lolS 2S Shown |p table 3. 

In this study it was assumed that the responses to 
the original questionnaire could be interpreted as 
representing the parent companies' attitudes and 
practices with respect to technological innovation. 

If this assumption is correct, then, based on the review 
of the literature discussed above, one should expect to 
find that foreign owned companies have significantly 
different attitudes and practices with respect to 
technological innovation than Canadian owned companies. 
However, if the responses to the original questionnaire 
represent the attitudes and practices about technological 
innovation found in truncated, branch plant operations, 
then one might find that the correlations based on owner- 


ship are much less significant. 


Any 
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Vitae GLUCEUTe 

Dunn, Harnden, and Maher described the structure 
of ‘organizations in terms of five fundamental components: 
Mhesacehy,mdataabase, goals; controls and people 
attitudes.’ They argued that these elements 
of Structure are not changed whimsically by management 
and that they represent the slowest changing parts of 
themcouporation..) ethus, from the point Cf view of 
developing an experimental management development 
program for research and development project selection 
decision makers, 


accurate knowledge about the rate of changes 
Ores tGUGtuLe mm paoLlciculacliyarne: NaturerOrs the 
trend towards or away from centralization, 

is important because the allocation of 
resources to research and development projects 
Ae umede-at different levels . . . of 
hierarchical organizations. Assessment of 

the impact of change in organizational 
structure is important in understanding the 
resource allocation processus 


Whisler's position is supportive and specific: 


MPeanetciemmostasiccesst ula managermas one 
who very early perceives . . . trends just 
beginning to develop . . . and then devises 
and implements an effective adaptation for 
the organization. ~ 


Whisler sees management as a "mediating force adapting 


0 


b . 3} A 
an organs zataonmtorchesworld = Thus, businesses 


change, and they change because: 


surviving and thriving in this dynamic and 
compies@ world is; chiefly a matter of per-— 
ceiving the need to adapt in time to make 
the appropriate adjustments. °*? 
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One may, therefore, hypothesize that changes in 
structure represent attempts by management to adapt 
to the changing business environment and that this 
would be one indicator of management's willingness 


to adopt technological imnovation se 


WA Teiibilie bey 
The general conclusions drawn from the literature 


review are summarized below. 


AS 1 Ze 

The works of Wilkinson, English, Eastman and 
Safarian all pointed to a positive correlation between 
sophistication in technological innovation and large 


size. 


B. Ownership 

The literature did not provide a clear indica- 
tion of the type of relationship between ownership 
and sophistication in technological innovation. 
While a number Of authors expressed concern 
about foreign ownership and its effects on tech- 
nological innovation, the empirical studies by 
Safarian, and the statements by Wilkinson did not 


SUppobe this sconcern. 


GoeerouuGcLivity 
Based on the work of Daly and Peterson and the 


GepoOresmerOmeLae Economic Council of Canada, the 


al 
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Science Council of Canada, and the Lamontagne Committee, 
the results should show a relationship between foreign 
ownership and sophistication in technological innovation. 
This relationship depends upon the assumption that "the 
answers on the questionnaire reflect the attitudes and 
practices of the parent companies in the area of 
technological innovation." It may be that the answers 
on the questionnaire reflect the attitudes and practices 
of truncated, branch plant operations. If such is the 
case, then the correlation between owership and 
sophistication in technological innovation may not 


be evident. 


Dees couccuLce 

Based on Dunn, Harnden, and Maher's report and 
Whisler's book, a hypothesis was developed which 
predicted acorrelation between changes in structure 


and willingness to adopt technological innovation. 











“y ' - f - 
: g 7 : We =. 
» 2 7 ma ‘ 


rams? en? Sirs, sDetire 
> 


of 


; "' : Aja Z, 7 iS “a 
d(i:tagoLtea ts ‘a: Ware i aad a 
5 a. ; 


i : * | ‘ a “fe = 
(Ss yrs tre. It OD Li teOoay Te 
ve 
' 1 
2 , j y. 1 ie 
} BAS a jah, PEP Be at hes 
ir \ tS = 
Pe : a ToLIe oop j 
7 bt 
I l ao tT. * ni a er 
= 
t 4 tr ' s ta 


oO fm tte Lots om “ac? 
aR 
is 
7 fs “sh 
i i Fvls 
bt dae 
an oo 
Pig 
i Ny . 7 : ) 
(fe phrsah SEES ieee i> 
4 eee - 
4 Se oo ; 
; geod | Le F 
& 
: - 2 2 
; ft ial de 
2° KOLtS1 Sato & stip 
BP on, lady, Cae 
ILOTOOS IOUS pot BR eae 
~~ 1) 





As 


Notes for Chapter II 


ay ‘ ‘ 
B. W. Wilkinson, Canada's International Trade: 


An Analysis of Recent Trends and Patterns (Canada; 
The Canadian Trade Committee of the Private Planning 
AssoclattonmomrCanada, reb., 1.966), p. 109. 


Srasficky ay Ie, 


oT hide 


Wilkinson MakecmenUsmesubstttubilone himself a(Lboid., 
jes MUIRSY TS 


Tes sicly Oem eer OrramsIng Lomprocucts, there 1S) a 
diminishing advantage with both time and volume. 

Cannual Report of the Minister of Industry, Trade, 
and Commerce under the Corporations and Labour Unions 
BS hier Lenhart s.e8ccOorporations) 7 19/0,.(Short Title: 

Cal ura mma OLbawas SClatasticsmeCanada, March, 1973), 
jsyos WEE aah bye 

Tor. PewWe Re Steacie, quoted=in* Satarian® (A. E. 
Safarian, Foreign Ownership of Canadian Industry (Toronto: 
McGraw—Hiimimcanadal Ltdas, L966)% 

Bu. G.. Hurtig, “A Submission to the Select Committee on 
Foreign Ownership of the Government of Alberta", (Edmonton: 
Unpublished Dec. ,) 972) . 

a eras Sen. M. Lamontagne (Chairman), A Science Policy 
for Canada, Report of the Senate Special Committee on Science 
Policy, (Short Title: Lamontagne Report) (3 Vols., Ottawa: 
QUCETT Seer eLIVCer peo niUr mleo 7 Dealt ono) 

SO ont H. Gray (Chairman)*, Foreign: Direct Investment in 
Canada (Short Title: The Gray Report), (Ottawa: Information 
GAA ye Lota )ne 

11 nnovation in a Cold Climate: The Dilemma of 
CanadianiManufacturing, Report No. 15, The Science 
Council of Canada (Ottawa: Information Canada, 1971). 


2 


Sabaintcany 20D. C1. 


13y41kinson, Cyn cenkin yp qos Wee iles 



















£557 [So 2 Sirsa ot Sy eee 
seh 7) ene ts a 
paiknnni 2950s wg? te By VE 
20) ig eC BOQH vethon vn 


yy i aie 
bidi), PIisemid> HOltwe ioe a Foal hae 


i Sio07 |poubrwis Binehe pesos ore 


; LS srkod tod Aerie seal 


Ps Det eae 

i A +} doa 
Y 4 ~ . -~ © a 
fel Ost Sa ae r ens fA 

a @ . a. we © a mt he b: 

\ \USe Ll , eos 
pa — me pb 

EVE ists she tee 


A. And 08 Of Betatn 


~~ 0%) - é * a 
bone). ra 50 On ms Ebates 


AD ans ty moo DII4a he i> of rhe okgabetinlt 
MPoseonhs) \.."stxeslf£ Io ae omit 7CR BEE 


pee Pareto Bp : be 
Soi 


Be ona, Gass baa ; 
eyes Fo ae ee | dea 





Oy 


14 
Demerath. heys,, and Ee. 0. Spence, Scale 


and opectaliZacion in Canadian Manufacturing, Staff 
Stud '2ieerconom:c Counci»> of Canada (Ottawa: Oueen'’s 
Pisbin teem oa) and) Hee. West, Canada-U.S. Price and 
Productivity Differences in Manufacturing Industries, 
Moje eo ta eee Fd vol) @ECOonomicecounci.) oLsCanada (Ottawa: 


Queen sy Printer, 1971) 
1S 


Dee Daly, ke Pererson, 50D... Clit. 
16rpid., Dee 50, 
a thee ool 
18tpia. 
= Walters, Canadian Income Level and Growth: An 


Pneernacional Perspective, wotart Study 23, Economic 
Council of Ganada (Ottawa: Queen's Printer, 1971), p. 47. 


20RPEth Annual Review, Economic Council of Canada 


(OLeawa moOuceny swprinter, 1968) j,°p. 20. 


seventh Annual Review, Economic Council of Canada 
(OLCaware Oucen tS Printer, L970) pp. Li. 
22 Report iOpen oCl ences cCOuUNnCI OL Canada, OD. Clusl, 
Deel Dare Ole 


2a Bite py a8 


2 evivevnneclepitein Qc, setiegyy Verde uy were abs sn 


oni sikeb yeu sade 

aT bidep 128s 

27 Dunn, Harnden, and Maher, Op. CiL., p. 92, Gives 
de bliiedons-m Ou. DULDOSeS OL Chiis@study, the key 
component of structure is Hierarchy which they define 
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CHAPTER IIT 
METHODOLOGY AND DATA 


This chapter reports on the data base resulting from 
the study by Dunn et al., the sources of size and ownership 
data, and the limitations of the data collected. The chapter 
also provides a deScription of the data baSe, gives a data 
profile, and describes the procedures used to analyze the 
datamoase-. = ftinally, the statistical basis for accepting 


or rejecting correlations is explained. 


Le yebhes Dunnett l~Data, Base 
MecoMlectingsdaka Monstnis) study the starting 
point was an examination of the 196 useable question- 
naires which were the primary inputs to the study by 
Dunn et al. Dunn et al. mailed questionnaires to 550 
companies doing business in Canada which had reported 
research and development activity to the Department of 
Industry, Trade, and Commerce as of the fall of 1973. 
The sDulnectea le erepOSeshOLedetnidt o4—DeLcent 
of the responding firms were located in Ontario and 
Quebec and that none of the firms were located in the 


Maritimes. This indicated a bias in the sample’ since 
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lack of response from Maritime firms resulted in a gap 
in the geographical representation of businesses in the 
data -base. 

Dunn wee techies olson tounde Chat 734 percent 
of the respondents represented top management. This was 
takenwas saneindicarion that “the “answers given on the ques— 
tionnaire accurately represent corporate practice. 

The questionnaires were examined manually and the 
name, location and type of business for each responding 


firm were noted. 


TI. Ownership 

Ownership data was primarily obtained by means of 
a Manual search of the Statistics Canada publication 
TaeerCconpOroree Ownership® andy acOmenheSSeWee Mee i, 
publications such as Financial Post Survey of Mines 
(Oils and Industrials) for 1970, Dun and Bradstreet, 
and other business publications. 

The bulk of the data was obtained from the Statistics 
Canada publication and the characteristics and Iabiqereey ekey als 


founds therein govern this part, om the data: 


AsmeLimitactions of OwmershipsData 

Statistics Canada defines control of a firm in 
terms of ownership of shares, and in Intercorporate 
Ownership a company is said to be foreign GOntLoOuwed 
if more than 50 percent of the voting rights of a 


company are held outside Canada and/or by one or more 
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Canadian companies which are in turn foreign controlled. 


The whole of the company is assigned to the country 
Meetingeene Gerinition Of control. 

Remlomwlde Lbyeknownethiatcecontrol canbe exercised 
through ownership of less than 50 percent of the 
ehavecnOtmmomcOUpany ~abarticulanriy if) tie company s 
SHeresmacrcewidcalvehne | dee elnraddi tion, stile exercise Of, 
licensing and franchise agreements may provide control 
without apparent ownership. 

The difficulties of examining each corporation's 
Toran cm Lomec CnosOLeminocllye control on ironclad 
licensing or franchise agreements were insurmountable 
Timame LUC wesUCmacmth Seam bnpadd!l10On, sit iwas not 
clear that such an examination would significantly 
improve the accuracy of results, Since one would 
expect that cases of minority foreign control would 
be to some extent offset by cases of minority 
Canadian control. As a result, it was decided to use 
the Statistics Canada decision rule with respect to 
defining foreign ownership and, consequently, the 
terms “foreign ownership" and “foreign control" are 
interchangeable in this study. 

Another limitation of the Statistics Canada data 
was its age. Ownership data was collected during the 
summer of 1974 using the latest Statistics Canada 


figures which were based on 1969 data (published in 
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November, 1971). Foreign ownership has increased 
significantly in the period 1969 to 1974° and more up-to- 
date information might have indicated a greater degree 

of forevgn ownership among firms in the sample. 

Finally, ownership information was not generally 
available for the smaller “firms in the’ sample. Statistics 
Canada collects and publishes ownership data about companies 
WlenmascelamOotemore than >250, 000" 00"%and/or sales’ in excess 
of $500,000.00 annually. Very small firms, a oe firms with 
eales ess than#S500,000200 annually, have thus been 
systematically excluded from this study, and it may 
be assumed that almost all the firms for which no 


ownership data was found belong to this group. 


B. Results of the Collection of Ownership Data 
Out of the 196 useable responses to the initial 
guestionnaire, ownership data was obtained Eon Lol 


firms in the data gathering portion of this study. 


TIRE ISAS 

Size data for the year 1972 was gathered by means 
of a manual search of various financial publications 
available to the public at large, including: Dun & 
Bradstreet, Moody's, Financial Post Surveys, and 
similar publications. Since the data was collected in the 
summer and fall of 1974, the last complete year for which 


accurate information was consistently available was 1972. 
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It was assumed that, for purposes of this study, 
the "size" of a firm was represented by published sales 


figures Lore! 9/2. 


Aen Limitations of Size Data 

In some cases sales data was not available for 
subsidiary firms but, instead, aggregate figures were 
given for the parent firms. It was assumed that this 
tended to occur most often in the case of closely held 
subsidiaries. The sales figures for the parent firm 
were employed in such cases since it was assumed that 
the attitudes and practices with respect to technological 


innovation would be those of the parent company. 


Demeeheosults Ot thes COllLeCction OL ocize Data 
1972 sales figures were obtained for 146 out of 


the 196 responding firms. 


IV. The Data Base 

Data obtained from the questionnaires in the 
SLUcy soy eb Uliee crea. had previously been converted 
into digital codés and entered on computer cards ‘for 
machine processing. The deck was arranged by company, 


with three data cards per company. The sales and owner- 
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ship data for each company were entered on a fourth 
data card and inserted into the deck in the appropriate 
places, (See example of data deck--appendix B). Full 
sales and ownership data was available for 141 firms 
and partial data for 146 (sales) or 161 (ownership). 
Themrull idatawbaserthen contained up: to 182. separate 
pieces of information (variables) about each company 


(see dadppendix €C for variable list). 


Vee nOceaure 

The data was first examined manually to gain a 
LOugieLecelingmrOnreitsequality, range and distribution. 
Based on that examination sales figures were grouped 


into four categories as follows: 


Annual Sales Categony Code 
Slee Mae One S60NMi Pisvon Small a 
S61 Million — $200 Million Medium 2 
$201 Million - $999 Million Large 3 
S1 Billion and Greater Extra Large 4 


The data deck was then examined using the sub- 
routine "CODEBOOK" from the Statistical Package for 
the Social Sciences (SPSS)* and the IBM 360-67 at the 


University of Alberta Computing Centre. 


Vie DatasPror ile 
The companies were found to be manageably distributed 
Dy thesinvtlal, arbitrary, size allocations, with small 


firms accounting for 32 percent of the sample, medium 
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firms 18 percent, large 31 percent, and extra large 
19 percent (see table 4). The firm distribution as 
to ownership was 50 percent U.S., 8 percent United 
Kingdom, 39 percent Canadian, less than 1 percent 
other Western OECD, and 2 percent "Unidentifiable" 
(not to be confused with the 35 firms for whom no 
ownership data was found) (see table 5). 

Beesnould be notedwthatert the ss5@firms leftrout 
of the analysis because no ownership data was found 
were assumed to be Canadian owned, then the proportions 
became as follows: U.S. 41.3 percent, United Kingdom 
6.6 spercent, Ganadian 49.5 percent, other Western OECD 
OP oeperucenc, sUnidenbirtable 2. 0"percent.. [Lt is 
important. to note that comparison of this assumed 
distribution with that published by the Minister of 
Industry Trade and Commerce under the Corporations 
and Labour Unions Returns Act (CALURA)° showed that 
the sample used in this study approximated the true 
Situatvone ~ine Canada, 1.¢., Calura (1970) reported 
equity in Canadian non-financial corporations was 
distributed as follows: U.S. 34 percent, Other foreign 
9 percent, Canadian 52 percent, Other (Unidentifiable) 
5 percent. Thus, while the sample chosen by 
Dunn et al. for the original survey was limited 
to firms reporting research and development activities 


in 1973, the data base which resulted (and thus under- 
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TABLE 4 


Size 


Small 


Medium 


Large 


Extra 
maiege 


PROPLLE DATA: ~—-SALESJIN.L9I72 


Absolute 
BPECCuUecI CY. 


26 


45 


146 


*Missing data not tabulated. 
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TABLE 5 PROFILE DATA:--OWNERSHIP IN 1969 





Absolute Relative Cumulative 

Country Prequency Frequency* Peequency 
of Ownership # % z 
United States 81 S056) BORG 
United Kingdom i sic @) Bye) 6) 
Other Western ale O25 58.5 
OECD 
Unidentifiable 4 pO 6055 
Canada 62 B95 Is0'O7570 
Totals iMGyal 100.0 


*Missing data not tabulated. 
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lying the present study) was probably representative of 
the Canadian population of firms with respect to 
distribution of ownership. 

However, the assumption that missing data should 
be equated to Canadian ownership (and small size) was 
too weak for this study and it was decided to under- 
take the analysis uSing only the part of the data base 
which was complete. 

Analysis then proceeded to the next step, which 


was the preparation of crosstabulations. 


Vii wc rosstabulacions 

The original Dunn et al. questionnaire was examined 
to determine which variables would likely shed 
light on the questions under consideration and a 
preliminary crosstabulating run was done using the 
SPSS subroutine "CROSSTAB"® to crosstabulate the sales 
and ownership data with each other and also with 
seventy-eight of the other variables in the data base 


for each company. 


A. Crosstab Subroutine 

The crosstabulating subroutine in the SPSS package 
provides a joint frequency distribution of cases 
according to two or more chosen variables. The sub- 
routine analyzes the joint frequency distributions 


Statistically by means of Significance tests. In this 
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case Significance was determined by means of a Chi 
Squereerest Of asscoctation: eTheltestiis ofthe 
independence of two variables, and indicates the 
likelihood of having a distribution as different 
from statistical independence by chance alone as the 
ebSesvedeaistribution. In this analysis the cutoff 
choSengWwasmaasiaqnaticancesot Onl Onmlessar Ineother 
WOrds; a Significant*correlation was felt to’exist 
between two variables if the joint frequency 
distribution had less than a 10 percent chance of 
resulting from two independent distributions. 

Thea @hassquasestest carried out was, in fact, an 
LadgustedasGhis square... This test is automatically 
adjusted to account for the effects of empty cells in 
the matrix or cells with a low number of events. In 
Gasesawiere Some doubt as to the validity of the initial 
test existed, additional runs were carried out wherein 
one of the variables (Ownership) was redefined to 
exclude empty cells and emphasize the crosstabulation 
between overlapping pairs of events. The results of 


these paired correlations are reported in Chapter IV. 


VUES Sulma ny 

This chapter has explained the sources, strengths 
and weaknesses of the data base, given a profile of 
the new data, and provided an explanation of the 


statistical methods used in the analysis of results. 
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Firms. tn Central Canada were found to be over- 
represented in the original sample while firms from 
the Maritimes were excluded. Since the original 
questionnaires tended to be answered by top management, 
the responses were assumed to be a reliable reflection 
of corporate practice. 

Size and ownership data was found for approximately 
75 percent of the 196 firms forming the original sample; 
however, very small firms are probably not accurately 
represented in the data base since information about 
them was not collected by Statistics Canada or the 


other sources consulted. 


oy 


Notes for Chapter III 


1 OALURA (Opa Cit.) peaol) SshowsaGirms ting Ontariorand 


Uuepecwearnede/0Bpercent of the taxablevincome among 

NON san ane eel rn rinse neCanadasined 59/0 se Inapractace this 
figure is likely low when extrapolated to the number of 
firms pwslncerOntarioshasetheivastiumajoriuty of }manufac- 
turing firms while the resource industry in Alberta skews 
the income figures westward. 


i een ee porate Ownership, 1969, Statistics Canada, 
(ObbavacmoOucenUSePGinter, sNoOvember 1971). 
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CHAPTER IV 


ANALYSIS AND DISCUSSION 


Analysis of the significant crosstabulations was carried 
out to ascertain the nature of the correlations, their con- 
sistency with respect to the literature, and their relevance 
to the objectives of the study. This chapter reports the 
results of that analysis under major headings which correspond 
tomene = Obuectives: noted ineChapter I, (p. 5 ). 

For the purposes of this study, answers to the question- 
naire were converted to simple "yes" or "no" responses, i.e., 


several questions which asked whether techniques had been 


MSG ELOY ecyempast, 2. years; stor the past 2-5 years"; “for 
longer than 5 years"; “have never used”--were converted to: 
have used: "yes"; "no". 

I. Size and Ownership 


This section reports the results of an examination of 
the sionificant crosstabulations relating to@size and »owner=— 
ship. The analysis was carried out with a view to determining 
the usefulness of the variables size and ownership in seg- 
menting the firms according “to their” level ‘of sophistication 
in technological innovation. In cases where the validity of 
the adjusted Chi square test was in doubt (e.g., there were 
some empty cells or cells with a low number of events), 


additional tests were carried out wherein the variable 
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"Ownership" was redefined to exclude empty cells and to in- 


crease the power of the test. 


A. Analysis 
The crosstabulations revealed significant correlations 
between size and eight of the 181 variables in the data base, and 
between ownership and one of the variables in the data base. 
FOreourposes Of analysis, lt)was cOnyenient to group the 
Gesules according to the chapter headings used by Dunn | 
etealwein eheireMay 974 seport (Section five, 
below, was an exception! to this format) . 
1. Research and Development Project Selection (See 
guestionnaire [appendix A] question 12). 

ASwchowneetetaD lemon swoales stands USe Ob Re= 
search and Development Project Selection Techniques" were 
found to be correlated at the 0.0589 level of signifi- 
cance (p=.059). Examination of table 6 reveals that a 
higher proportion of large and extra large firms tended 
to make use of these techniques than small and medium 

eins. 
2. Structural Change in Canadian Organizations Doing 
Research and Development (See questionnaire [appendix 
Alequestionse2 0s. and 21)7. 

The variable "Sales" correlated significantly 
with "More Centralization" (p=.028) Ane iy), More 
Decentralization" (p=.070) (Cable o)jmandsecnangemn.om 
Line-Staff to Program Management" (p=.007) (cable) 
Examination of the tables reveals that larger firms have 


tended to change their structure while smaller firms 
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have tended not to change. 

The variable "Ownership" correlated with "More 
Centralization" (p=.114) (table 10). A paired corre- 
lation was then carried out by separating the "Owner- 
ship" “pgpeaiehys INntOmcinecs=parts. (1 Senor Canada. , 

BO eOGsCanada es mmand s Who ..O0LmU.K.. ) and re=-running 
the crosstabulation with respect to "More Centralization". 
tap emi ciOvcethatatiespair “U.G. OreU.K.) was signi-— 
ficantly correlated with the variable "More Centrali- 
Zeatvone es ( b= 00's) r Analysis of table’ 10 reveals that 
firms owned in the United Kingdom have tended to change 
their structure to a lesser extent than firms owned in 
the United States. Correlations with respect to Canadian 
owned firms were not Significant. 
3. Technological Forecasting (See questionnaire 
[appendix A] question 26). 

Table 12) shows that "Sales" -and. "Use of 
Technological Forecasting" were correlated at the 
0.0678 level of significance. Analysis reveals that 
smaller firms tended to report that they had not used 
the technigue while larger firms reported that they had 
used it. 
4. Management Games or Simulations (See questionnaire 
fab Penuoaen megqueS TL 1On Sa 0-50 )r. 

"Sales" correlated significantly with "Experience 
in Computerized Decision Information Systems" (p=.002) (ta- 


ble 13) and "Games Used in Research and Development Project 
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Selection" (p=.033) (table 14). Analysis shows that, 
while most firms had responded negatively to these ques- 
tions, the firms which had responded positively tended to 


Hemp LOpeCmaronalLy more common in the large or extra Large 


OGOuUpS. 
5. Size and Ownership 

Table 15 shows that "Sales" and "Ownership" are 
SAonueveantlyecorcrelacedu(p.00S)r Results: of paired corre- 


lations (table 16)) show Significant) correlations between 
Poo be sweancdmthvempalt sm Uso. Or Caneda’ (p=-002) (and “U.K. 
or Canada” (p=.046). Analysis of table 15 shows that small 
firms tended to be Canadian owned, large and extra large 
firms tended to be owned in the United States, and firms 


owned in the United Kingdom tended to be medium and large. 


B. Discussion 
The crosstabulations reported thus far in this study 

have provided evidence which supports the view that large 

and extra large firms tend to be more sophisticated than 

small firms. Support for this view was manifested as follows: 
1. Larger firms tended to make more use of research and 
development project selection techniques, a basic 
indicator of sophistication which Dunn, Harnden, and 
Maher treated in chapter IV of their GECOGE ss 
2. Structural changes have taken place in proportionally 


more large firms than small firms. In chapter II of this 
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Study jel aWasgmily DOLNesSuzedmthatlwsuch echanges are,yone 
indicator of management's willingness to adopt 
technological innovation. 

88 ) The variables “Use of Technological Forecasting", 
"Experience in Computerized Decision Information Systems" 
and "Games Used in Research and Development Project 
collection sacemall indicators Of sophistication which: 
tended to be associated with larger firms to a 
Significantly greater extent than with smaller firms. 

In summary; seven of the variables in this section were 
significantly correlated with "Size". Analysis of these 
significant correlations revealed differences between small/ 
medium firms and large/extra large firms which tend to 
Suppor tuchesfindingss noted in tehemrevvew (of «the literature, 
Ghats learcgems izewandmsoohista cation fanesposi tively associated: 

"Ownership" was found to be correlated with 
only one variable relating to sophistication in 
technological innovation--"More Centralization". In fact 
a paired correlation showed that firms owned ineenesUnwted 
States had changed to a more centralized structure to a 
significantly greater extent than had firms owned in the 
United Kingdom. 

"Ownership" was also significantly related to "Size", 
and the question arose: if "Size" and variables relating to 
sophistication were significantly correlated, and, Die ns Ca 


and "Ownership" were also significantly correlated, then why 
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was "Ownership" not significantly correlated with variables 
relating toesophistication? 

One possible answer to this question is that foreign 
owned firms non be less sophisticated than average among 
the larger group, while Canadian owned firms may be more 
sophisticated than average among the smaller group. Cross- 
tabulation with respect to "Ownership" alone would not likely 
reveal a significant correlation between "Ownership" and 
sophistication. Other possible answers relate to the 
validity of the assumption that attitudes and practices 
reported in the questionnaire reflect those of the parent 
firm. The correlation between "Size" and "Ownership" warrants 
further study. 

The general result with respect to determining the useful- 
ness of the variable ownership in segmenting firms according to 
their level of sophistication in technological innovation was 
that no significant correlations were found to exist between vari- 


ables descriking country of ownership and level of sophistication. 


PieeeechaLacteLl st tics sobre thes Firms 

The overall aim of the Dunn, Harnden, and Maher 
research project is the development of an experimental 
Management development program for Canadian businesses. 
tdentitaication of the Characteristics of firms 
forming the market for such a program is the focus of 


this section. 
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Analysis 
i SSizeseromile 
Table 15 shows that out of 50 Canadian owned 
Eirms for arch size and ownership data was collected, 
25 had annual sales between one and 60 million dollars, 
eight had annual sales between 61 and 200 million dollars, 
13 had annual sales between 201 and 999 million dollars, 
and four had annual, salesyoi ones billion dollars or more. 
Canadians firmsmrepresentede5s6.8 percent of ae Palveiley 7g) 
themestali ecacegomy. 
Dees Oplt cerca tlonmandes. ze 
The analysis carried out in section I of this 
chapter showed that small and medium firms tended to be 
less sophisticated with respect to technological 
innovaticnuethan warnge andsextra Large) firms. In the 
following section the characteristics of firms in the 
sample are grouped according to firm size so that the 
market for the program is segmented according to that 
Variable: 
(ayeisma Wi barms 
Canadian owned firms make up 57.0 percent 
of the small category (table 15). The characteris- 
tics of firms in this category which were revealed 
ine tiewc Lian CAueiay ECOL Ge la Ged crosstabulations are 
as follows: 
(1) Small firms tended not to use research and 


development project selection techniques 
(table 6) to the same extent as larger firms. 
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(2) Proportionally fewer small firms had 
eChangecetheir Structure (tables 7,°9, and 9). 


(3) They tended not to use technological fore- 
casting, computerized decision information systems, 
or games in research and development project 
selection to the same extent as larger firms 

(ea Desa? ele and! 4). 


(4) Table 17 reveals that 23 small firms agreed 
to participate further in the Dunn, Harnden, and 
Manie~mpaOgrane Sincere stial PigrOouprmunus Gepresents 
29.5 percent of the 78 firms agreeing to continue 
with the program. 


Mnipesummacy, senemsmMaliliel’rmsein thesscample 
tended to be less sophisticated than the larger 
firms, but tended to be about as interested as the 
average of firms in continuing with the program. 
Canadian owned firms dominated this category. 

(b) "Medium" Firms 

Canadian owned firms comprised eight of the 
Z5efirms methismcategory. ihe characteristics Of 
firms in the medium category which were revealed in 
the significantly correlated crosstabulations are 
as follows: 

(1) Although 60 percent of the medium firms used 
research and development project selection tech- 
nigues, this was much less common use of the 
techniques than among the larger firms and slightly 
less than the average stom all firmss (able 6). 

(2) Analysis of tables i7, 8, ande9 mevealsechat 
changes in structure have occurred about as 
frequently among medium firms as the average for 
all firms in the sample. This was, however, 


less frequent than among large firms in the 
sample. 
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(3) While use of technological forecasting was 
less common among medium firms than the average 
for the sample (table 12), use of computerized 
decision information systems and games in 
research and development project selection were 
about aS common among medium firms as the average 
for all firms in the sample and less common than 
fOreenem larger firms, 


(4) Medium firms agreed to participate further in 
Biewmscud weLtOmommuchimoreater extent than the 
average and were, in fact, 85.7 percent in favour 
COpeLULCe te Dainul Cl DatLon. 
In summary, medium sized firms were about 
as sophisticated as the "average" firms in the sample 
although they are less sophisticated than the larger 
[21s elnem tar ceamayOmty On MealumMeattcms are inter= 
es emi LUGE ne mmpaigitc pail Omelet l= pLOd tall. 
(ec) large: Firms 
Ganadian Owned ~Eirms represented 29.5 percent 
of the firms in this category. The characteristics of 
the firms in the large category which were revealed in 
the significant crosstabulations are as follows: 
(ly mUsemOL researcimand development pEoject selec= 
tion techniques was slightly more common in this 


group than the average for all firms in the sample 
Cia bem Gyr 


(QyeProportionally More Mirms Vinetic slargescavegory 


havemcneangeds thelimestruccurem( toblech @ anc 3 )i. 

Mn exception to tis 1s found in tao 9, wherein 
B20npercent ote large i i1rmss hadeciang cde: roi 
"Line-Staff" to "Program" management compared to 
the sample average of 39.1 percent. 


(3) Use of technological forecasting, experience 
in computerized decision information systems, and 
use of games in research and development Drogects 
selection tended to be proportionally more common 
among larger firms than the sample average (tables 
1 omancer 4.) 3 
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(4) Large firms were proportionally least 
interested in continuing with the research 
program (table 17). 

In summary, aS measured by this study, 
large ane tended to be more sophisticated than 
avevajesand el ecastainterested inicontinuing with 
Lheyprogram:. 

(d) “Extra Large" Firms 

The profile of the large firms may be 
summarized by reporting that in all the categories 
used above, extra large firms tended to be above the 
sample average, i.é€., in their use of research and 
development project selection techniques, in structural 
change, in use of sophisticated techniques and 
GOMpULetS sland Sin etheiiesintervesteinecontinuding «with 
the Dunn, Harnden, and Maher project. Firms owned 
in the United States formed 78.6 percent of the 


extra large group. 


B. Discussion 

The analysis has provided a tabulation of the charac- 
teristics of firms in each size category. The experimental 
management development program of Dunn et al. can thus 
Dem tcablLOrede sLOneSUIt OnesOG more particudar size 
of firm. The results displayed in table 17 indicate that 
medium sized firms should receive high priority for implemen- 


tation of the next step of the program. Their high degree of 
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interest in continuing with the program (85.7 percent in 
favour) provides an indication of corporate interest. [In 
addition, the medium sized group tended to be about average 
in terms of Saanelcereneaen and thus, since the management 
development program will also be a measuring device for 
assessing sophistication, provides a measure of the "average" 


level of sophistication of Canadian business. 


DLIeeveimnportant Questions 
Themthirdyobyectuve: of tehis study was ‘to 
address the important guestions raised in Clarke's 


critique of Dunn, Harnden, and Maher's report.’ 


A. How do Canadian owned and controlled firms compare with 
UeS-)and Other-fenei1gn owned firms with respect to the use 
of sophisticated management techniques in the area of 
research and development project selection? 

ThewdialySismcanraed outmearliler Inmthis chapters 
showed that the crosstabulations revealed no significant 
correlation with respect to ownership which bears on this 
question. In other words Canadian owned firms are not 
significantly different to firms owned in other countries 
with respect to their use of sophisticated management 


techniques. That result was tempered by the fact that 
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small firms were found to be less sophisticated than large 
firms and Canadian owned firms dominated the small group 


while foreign owned firms dominated the TAVIS Tle CLOUDS. 


B. Are new management techniques being adopted by smaller 
companies? 

Results of the crosstabulations indicated that 
smaller firms were not as sophisticated as larger firms. 
However, among the smaller firms use of some techniques 
ES “not uncommon, ¢€.g., research and development project 
selection techniques were reportedly used in approximately 
60 percent of both small and medium firms in the sample 
While use of technological forecasting was reported by 


DA Cer Cen taOresmaligciums ein the Sample. 


IV. Summary 

In this chapter the significant results were displayed 
in tabular form and analyzed to determine the nature of the 
correlations, their consistency with respect to the 
Titerature, and their contribution to the objectives of 
the study. 

The crosstabulations with respect to "Size" showed 
correlations between "Size" and other variables which, upon 
analysis, provided support for the view expressed in the 
literature (and noted in chapter Il of this study), that 
sophistication in technological innovation and large size 


are associated. 
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Clarke's question concerning adoption of new techniques 


by smaller firms was addressed by this analysis. It is 
important to note that use of some of these sophisticated 
management techniques is not uncommon among smaller firms 
despite the fact that, in general, smaller firms were less 
sophisticated than larger firms. 

The review of the literature noted that studies by 
Safarian and Wilkinson had not found any correlation 
between ownership and sophistication in technological 
nnovation.ms  bhes results of this study tended to sustain 
Ect neaandgesiicemnowdirect Onrel ation. was found to 
exist between ownership and sophistication in technological 
innovation. 

A Significant correlation was found to exist between 
"Size" and "Ownership" and this, when coupled with the 
correlation between "Size" and sophistication, led to 
some speculation as to why "Ownership" and sophistication 
were not correlated. Additional study of this area is 


clearly warranted. 
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CHAP TE REV 
SUMMARY 


This study was designed to examine the relationship be- 
tween variables describing size, ownership, and sophistication 
in technological innovation and to extend and supplement the 
research project of Dunn, Harnden, and Maher which had as 
its overall objective: the design and development of an 
experimental management development program for research 
and development project selection decision makers. This 
chapter reviews the objectives of this portion of the project, 
the extent to which those objectives have been achieved in 


this study, and suggests areas for additional research. 


Te weObsectives 
The objectives of this portion of the project were: 
1. To ascertain whether size and ownership are useful in 
segmenting firms according to their level of sophistication 
in technological innovation. 
Qe tlomidentity the characteristics of the LLMs.) formings the 
market for an experimental management development program. 
Se eTo eadaressetne important: questions ramsed ineClarkess 
critique of the May 1974 report by Dunn, Harnden, and 


Maher. 
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Summary of Results 
1. Size and Ownership 

Significant correlations were found to exist be- 
tween size. and variables relating to sophistication in the 
abeasOreteciineological innovation. “Analysis of “the data 
revealed differences between the smaller firms and the 
larger firms wrth respect to” sophistication which tended 
to justify the statement that larger firms tended to be 
more sophisticated than smaller firms. No important sig- 
nificant correlations were found to exist between varia- 
bles describing country of ownership and level of 
sophistication. 
Ze echaracteri’stics, of Canadian firms 

The data was tabulated in such a way as to segment 
Licmelatac ton uct CSmOL si MLmsomacCOLGlnNg tO=Si’ Ze. == 1its 1Orm 
of segmentation seemed appropriate tn view of the finding 
that size is an important variable in separating firms of 
different levels of sophistication (as defined by variables 
such as: use of research and development project selection 
techniques; changes -to centralize or decentralize decision 
Making; changes from =line-staLt to program management; 
use Of technological forecasting; use of computerized 
decision information systems; and use of games or simula- 
tions in research and development project selection) 
Analysis in this section of the study indicated that medium 
sized firms should receive highest priority for the imple- 
mentation of the next phase of the program (the design and 


development of an experimental management development pro- 
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gram for research and development project selection 
decision makers), since: 

(a) the medium sized firm had the highest level of 

interest in continuing with the program and, 

(b) the medium sized firms were about "average" in 

terms of sophistication and, since the experimental 

management development program will also be a 

measuring device for assessing level of sophistica- 

tion, will provide a measure of the average level 

of sophistication of Canadian businesses. 
3. Responses to Clarke's Questions 

The important questions raised by Clarke in his 

critique of the Dunn et al. study were addressed. In 
summary, the addition of size and ownership data to the 
data base did not provide evidence that Canadian owned 
firms are significantly different to firms owned in the 
United States with respect to the use of sophisticated 
Management techniques. However, the fact that small firms 
were found to be less sophisticated than larger firms and 
the correlation between size and ownership lead to a tem- 
pering of that result and a suggestion that additional 


Study of this matter may be warranted. 


Questions Raised by This Study 


Two important questions are raised by the results of the 


Size and Ownership analysis. The first question was noted in 


Chapter LV psection. l. (page 53" and is ,epeated) here stor 


sake of clarity: 
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If size and sophistication were SYoniticantiy correlated 
and if size and ownership were Significantly correlated, why 
then were ownership and sophistication not Signiticantily 
correlated? Sacetbenle answers to this question were suggested 
in chapter IV; one relating to the distribution of firms 
with respect to sophistication within the size groupings; 

Lhe cthererelacing tomthe validity. of the underlying 
assumption that attitudes and practices reported in the 
questionnaire reflect those of the parent firm. Additional 
study of this matter is recommended. 

The second important question raised by the results 
is: why is there a difference in sophistication between 
smaller firms and larger firms? Phrased slightly differently: 
why aren't smaller firms as sophisticated as larger firms? 

Larger firms employ sophisticated management techniques 
to help optimize decision making and thereby maximize profits. 
What can be said about smaller firms and sophisticated 
management techniques? 

Diwseccnselikelyeathatescmaller firms would fit into one 
of five patterns: 

i cOneesmialler Siirmsvare™(Successtully) using 

sophisticated management techniques. 

2. Some smaller firms have decided to use 

sophisticated management techniques but have been 


unable to implement them. 
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3. Some smaller firms have made rational and accurate 

economic decisions not to use the techniques. 

4. Some smaller firms are not aware of the existence 

of the Meee cs ana do not use them for that reason. 

5. Some smaller firms have made decisions not to 

use the techniques because of prejudices, fear, 

erroneous analysis, etc. 

The analysis of the size and ownership data carried 
out in this study has shown that significantly fewer smaller 
firms than larger firms fall into pattern 1 above. Some 
additional research is required to determine what proportion 
of smaller firms fall into patterns 2, 3, 4 and 5 respectively, 
and to identify the firms concerned for purposes of fone D 
analysis. 

Firms falling into pattern 3 should be analyzed to see 
why use of the sophisticated management techniques is not 
economical and to determine whether it is reasonable to 
try to modify the firms and/or the techniques to make their 
use economically feasible. 

Research should be undertaken to determine why aware) lig 
pattern 2 have not been successful in implementing the tech- 
niques and to ascertain ways of resolving the problems so that 
the new methods can be implemented. Several problem areas 


Seem likely to exist: 
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(ee Minratcral Constraints 
There may be a threshold size below which 
firms "are unable’ to attord the direct “costs of using 


tiemcechmioues (esg., Cost Or computers, Salaries or 

analysts, eere.).. 

2. Manpower Constraints 

Them supply = OLepeusons = tratmea i tie: Use of 
these techniques May be a Limiting factor. 

pec eructusalmCconstratnts 

The “structure of some smaller firms (e.g., 
goals, control systems, hierarchy, data base, and 
people attitudes) may mitigate against introduction of 
sophisticated management techniques. 

Research should be undertaken to pinpoint the problems 
Comtiymeetalting Inco mpateernse+ and 5sto determine =the 
most effective methods of providing education and assis- 
tance to resolve them. This should form a major function 
of the management development program being designed by 


Dunn, Harnden, and Maher. 


TV. Suggestions £Lor Additional Research 

It is appropriate at this point to recall that this 
study was designed as part of a larger DLrOgeCto oy auvUunT 
Gtual. which had as its overall aim the deyelop- 


ment of an experimental management development 
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program for research and development project selection 
decision makers. Accordingly, in terms of the overall 
aim of the project, much research remains to be done. 
However, we study has uncovered a need for additional 
research beyond that envisaged at the outset. 
ne Datasbase 
Size and ownership information should be 
Obea ncdel_Onpa lL IeGinmsy ss hescompletion -ofethistdata 
base will permit more detailed and eee meee 
particularly with respect to smaller firms. This 
work could be done either by use of a supplementary 
GuesevonnarrerOrmby antelephone poll. 
2. Ownership 
The situation noted earlier in which ownership 
WoaomLOUnG = tOmcOLrelate Signiticantly with size but not 
with sophistication could be investigated by segmenting 
Ehewoata on tie basis Of Size and then carrying out 
crosstabulations between ownership and variables 
describing sophistication. Other segmentation/ 
crosstabulation combinations could be included in the 
analysis. 
B.S Ze 
A xvesearch program should be designed to 
examine why smaller firms tend to be less sophisticated 


than larger firms and what can/should be done to change 


70 


md 


ei: ad Biv san dae 

















- in : ‘> . : x 
Seoro td srangos aa Bi ae . 
net ) Es 


- if 
» dé 
to Bites. nz yylee LOD 


+ sn eyniest these enon 
i he ; 
) & bec9oevoon:: asd * oe. 


4 )- } ,! ! im STs 
d - 
; gorgiz. fis 263 
Ler 
* 
S pa. ts29n 27h biare 


GQ Sa} 1 zensie 210% ef & 


. wigeiote ss. vd a ex hee read nowy - 


a 


- tay 5 aidex aoa S I 


° 
r om 7 
Py » Ww 
ia >A. Sf r 

pt “= 3 : - 7 : 
; i : ; a 7 

- _— a ¢ ‘ 

Dé: i 7 ia ee bad Ss & fot mY ir * 74) aed ad (OC ?. saw a 

> : oY > oa o 7 


r c+ a 


: 
amrta. by sti 2h tiset ed} oo cosh ony 
i > it . 2 
on ee : ain a _ 
IriWwG SSIS “Nollie pat daz@aroxt 
nl : dace = 


ok as 7 * 
Mii a iJ i O. ti aoitmse Coe a adc a 


we setedagan ee 


ee 
Sr 


w - 





Les 


2 pepe ng 


(a 


tines Laepacticular the program should adentify which 
smaller firms fall into the various patterns described 
above and why. This information will be a valuable 
input to the design of the management development 
program. 
4, Assumption 

The assumption that the attitudes and 
practices reported in the original questionnaire 
represent those of the parent company could be 
verified by means of an additional questionnaire 
mailed to’the. parent firms of those firms represented 


in the data base. 
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2. 


4) 


5) 


6) 


7) 


CLIMATE FOR TECHNOLOGICAL INNOVATION IN CANADA 


SURVEY QUESTIONNAIRE 


GENERAL INFORMATION 


What is the official incorporated name and location of your company? 
Name of Company 


Location of Company 
What is your position (title) in the organization? 


In which province(s) is your firm entitled to conduct business? Please check (/). 





a) All Provinces peites g) Quebec te Se 

bY Britist) Columbia h) . New Brunswick ease 

c¢) Alberta eee i) Nova eecrie —- 

d) Saskatchewan ao lk j) Prince Edward Island ence 

e) Manitoba Ln k) Newfoundland ae 

£) ey Ontario 1) The Territories ~4eF 
Does your firm sell its products or services internationallv? Yes No 








Would you please indicate (vY) the major industrial classification(s) to which your 
firm belongs. 


a) Agriculture es i) Retail Trade a es 
b) Forestry Be ds j) Wholesale Trade ee oi 
c) Mining ee k) Finance Comet 
d) Manufacturing A He: 1) Insurance — 
e) Construction a ae m) Real Estate at 
f) Transportation tA n) Service 

g) Communication ee 0) Public Administration _ 
h) Utilities p) Defense 


Would you please indicate (VY) whether your firm is solely engaged in Research and 
Development or whether Research and Development activities are part of a larger 
corporate structure. 


a) Solely Research and Development 


b) Research and Development is part 
of corporate structure 





Please indicate (/) the way in which your Research and Development activities are 
organized. 


a) Pure Research and Development 
b) Applied Research and Development 


c) Mix of Pure and Applied Research 
and Development 


d) Other (would you please briefly 
describe below?) 
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II, PRODUCT DEVELOPMENT 76 


Terminology used in the following section of the questionnaire 
(1) Management Determination of product fields and markets of primary interest. 
(2) Exploration - the search for new product ideas which meet company objectives. 


(3) Screening - quick analysis to determine which ideas warrant investigation. 
(4) Business Analysis - the expansion of an idea, througn creative analysis, into 


a concrete business recommendation including product features and a program. 
(5) Development ~ turning the idea-on-paper into a product-in-hand. 
(6) Testing - the commercial experiments necessary to verify early business judgments 
(7) Commercialization - launching the product in full-scale production and sale. 
(8) Evaluation - post introduction evaluation to determine whether to continue or 


drop the new product. 


Schematic - the following schematic represents one possible corporate alignment of 
work flow for management of new products. 


Management xplor- evelop 
etermination|-+| ation | +Screening;-Analysis|-+| ment Testing> 
a 2 3 5 6 


8. Would you please indicate (7) at what point(s) in the above schematic marketix: per- 
sonnel are brought into the product innovation stream and what level of management is 
brought in. 










ommercial 
ization 





Marketing Personnel Level of Management 
Schematic Not Brought in Other (e.g. Consultants 


Number Brought in Brought in Middle Line (please specify) — 


MPI & 


o~ AUN LfwWH eH 


TT 
TTT 








9. Would you please indicate (yr) the degree of influence marketing personnel have when 
they are brought into the product innovation stream. 


No Total 
Influence Influence 


eee eee eee Oe - 


10. Would you please indicate (Y) at what point(s) in the above schematic marketing per- 
sonnel should be brought into the product innovation stream and what level of management 
should be brought in. 





Marketing Personnel -—- Level of Management 
Schematic Should be Not Should be Brought in Other (e.g. Consultants) 
Number Brought in Brought in Top Middle Line (please specify) 
1 a ——_——_—— —_—-—— 
is oe —_—————_——_ ——— — 
3 —_— —_—_—__——— ——— 
4 —_——— —_—_—— —_—_—_—— 
. —_—_—- _ —_— 
6 vee a = 
7 Es a. a ae 
8 ——- ——_—— —_——- 


11. Would you please indicate (7) the degree of influence marketing personnel should have 
when they are brought into the product innovation stream, 


No Total 
Influence Influence 








7 
4 rVi 
« 
a - 
4 
> 
- @ 


7 4 


astiew .eeahl daidu ent paar 3 i“ 


ssa> ngueova peel? oe 16 otlusaqus © 


7 












- 
— 


sTlaadohieeup #3 Ne mehsoea 
to escdvem Boe thine. sauborq 
teum ss cute part She wbo 3¢ Sea ; 





— aril, - perp s322 } 
ak ae : 

teu A 3 peas Leu 7 

Jess sHvlorg. Hil bulsni 4) 3 bhowmNIoo 9 a, W eosoe 

a 


- 
SILOS & pint Daye amenaia ac 2. golet ~ Saee sion a 
' A 
viizay o2 YugeRugen 2) Tee) toga tatoreee we92 arty: . garaeed. ) ee 


ae. 





































7 : uM oe onde 7 
2 siaos~ilyd at soutien, off geisonuat - obgesttapaapmmed @ 
: Y ¢, ~ 
47 poiwiyeseb oF aalouuleve ao bsoubeesal sete = notgaul a o : 
; i Sa | Wor si wai ae 
| { ya VF ioe 
‘e700 305 fdie 7 Odo wifero tgs? snendo2 gnivollot side — ane 
eoeuberg wen Yo snomegenca 303 err are 
Zz : j ‘ ' 
‘Wek es ince |-| elewheade 
ep | ‘ 
is al itoy iede fa (NY Soshtbad Seadlg voy bLuct 
3d ; nl sowbe.g ada otek adgvord s2e tenn 
4 nt 
2 pgnoeM *o isvel — Jeanoeyed gok2ex'yatt : 
— a ‘fewuesd ad ~ 968 _ : 
, ay ‘ eo = } PT gz ’ sdenats 
got ab peguoyR at zhgno wd 
_ -~ —_ : —— 

‘ ne eae aloes Sirs : 
————— —eme - — od — : ia 
iin? ta shines — ne —_ 

Jiun. eoeevl tat to aeigsad on? ty) sseotbat eweslg wo’ 
; iv caliavonkl 350 borq nds oinl Bes ata 
B307 eae ; : 
soneul ial in r . tal 
———— ae —— ee 7 ——ee meer a 
—— ih @ 
otiasedoe syvods adg ab (2)anton sade 34 és) sienthal ssselq bo te 
3 bose mgexia woliavonal ciate: S ada onl sagrese ed blue ae | Fe: an 
s wath adguard ad 
Jnonsynawe Yo loved —_. 
9) 19430 td Dr dsiball oc. bivete 
a) 





‘ar See ae 


Iil. 
12. 


13. 


ay 


15. 


16. 


No} 


18. 


RESEARCH AND DEVELOPMENT PROJECT SELECTION 


Does your firm use Research and Development project selection techniques? 


Yes No 


12: 


Would you please indicate (/) below whether your firm is currently using, has used in 


the past, plans to use in the future, or has never used the following Research and 
Development project selection techniques. 


plan to 
use in 


future 


used but 
discarded 
(Give vear 


discarded) 


Terminology 

a) Ranking Models where the decision maker compares one project with another or a 
grouping of projects and selects which he prefers. 

b) Scoring Models which compute an overall project score based on rating of the 
project against preselected critical criteria. 

c) Economic Models which employ calculations such as net present value, internal 
rate of return, or economic equations. 

d) Constrained Optimization Models which attempt to optimize an economic objective 
function subject to specific resource constraints. 

e) Risk Analysis Models which are based on a simulation analysis of input data in 
distribution form. 

used used used 
for past for past for longer 
TECHNIQUES 2 years 2-5 vears than 5 vears 

a) Ranking Models 

b) Scoring Models 

c) Economic Models 

d) Constrained 
Optimization Models 

e) Risk Analysis Models 


If your firm is not using any of the above Research and Development project selection 
techniques would you make a brief statement as to why this is so. 


EEE 


ne aE EEEEEEE EERE 


a a 


a a A RN 


Is your firm satisfied with its present procedures for selection of Research and 
Development projects? 


Yes No 








Do present procedures used for the selection of Research and Development projects 
involve the use of probability estimates for technical and/or commercial success? 


a) For technical success Yes No 





b) For commercial success Yes No 











Are specific Research and Development projects selected from multiple proposals or 
are they looked at one at a time? 


a) From multiple proposals Yes No 


b) Looked at one at a time Yes No 











Please describe briefly steps taken by your firm to stimulate the generation of 
Research and Development and/or New Product ideas. 
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19, 
Please check (/). 
a) Research and Development 
- Likelihood of technical success 
- Development cost 
- Development time 
- Capability of available skills 
- Availability of R&D resources 
~ Availability of R&D facilities 
- Patent status 
- Compatibility with other projects 
c) Corporate Objectives 
- Fits into overall objectives 
and strategy 
- Corporate image 
d) Financial 
- Profitability 
- Capital investment required 
- Annual (or unit) cost 
- Rate of return on investment 
= Unit price 
- Payout period 
- Utilization of assets, cost 
trend, cost reduction, and 
cash flow 
e) Timing 
~ Timing of introduction of 
new product 
- Expected product sales life 
20. 


Been 


Pee 


| 


78: 


What factors are used by your firm to evaluate Research and Development projects? 


b) Manufacturing 

=-Capability of 
manufacturing product 

- Facility and equipment 
requirements 

- Availability of raw 
material 

- Manufacturing safety 


f) Marketing and Distributicn 
—- Size of potential market 
- Capability to market 
product 

Market trend and growth 

Customer acceptance 

Relationship with 
existing markets 

Market share 

Market risk during 
development period 

Pricingstrend, propriety 
problem, geographical 
extent, and effect on 
existing products 

Complete product line and 
quality improvement 


Would you please indicate (vY) whether there have been changes in corporate objectives, 


corporate control systems, corporate structure, professional development of Research 
and Development personnel, and type of information in the data base during the specified 


time periods. 


a) Changes in objectives 
- Financial 
- Production 


- Marketing 
b) 


Changes in corporate control systems 
- Financial 
- Production 


- Marketing 


c) Changes in corporate structure 

Z ~ More centralized structure 
- More decentralized structure 

- Moved from line-staff to a 
program management structure 


d) Changes in professional development 
opportunities for Research and 
Development Personnel 
- Increased opportunity for 

professional development 
- Decreased opportunity for 


professional development 


Changes in sources or tvpe of 
information included in the data 
base used for the selection of 
Research and Development projects 
- Changes in source 
- Changes in type 


e) 


during past 
2 years 


longer than 
) years 


during past 
2-5 years 


no 


change 
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Given your response to questfon 20 above, to what degree does your firm agree with the 
following statements regarding the impact ot the changes on the morale of Research and 


Development personnel and on the output of the Research and Development unit. Please 
check (v). 
Strongly No Strongly 
Agree Agree Opinion Disagree Disagree 
a) The changes in the following areas 


b) 


To what degree does your firm agree with the 


a) 


b) 


c) 


d) 


e) 


£) 


have led to increased morale of 
Research and Development personnel 


Changes in objectives 

Changes in corporate control 
systems 

Moved toward a more centralized 
Structure 

Moved toward a mere decentralized 
structure 

Moved to a program structure 
Increased professional development 
opportunity 

Decreased professional development 
opportunity 

Changed sources of information 
Changed type of information 


The changes in the following areas 
have led to increased output from the 
Research and Development unit 


Changes in objectives 


Changes in corporate control 


systems 

Moved toward a more centralized 
structure 

Moved toward a more decentralized 
structure 

Moved to a program structure 
Increased professional development 
opportunity : 
Decreased proressional development 
opportunity 

Changed sources of information 
Changed type of information 


Formal decision processes help in 
logically consistent decisions 


Formal decision processes allow 
research management to more clearly 
identify those projects or ideas 
which are well worth inwesting time 
and money in and those which are not 


Formal decision processes allow 
termination of unsuccessful projects 


at 


the earliest possible time 


Formal decision processes make 
managers aware of information that 
should be acquired when making 
decisions on projects or ideas 


The primary objective of using 
formal decision processes is to 
make decisions for managers 


The primary objective of using 
formal decision processes is to aid 
managers in making decisions 


lt | ee 





Strongly 
Agree 


following statements? 


Wt | aD td 





Please check (7). 


No Strongly 
Agree Opinion Disarree™ Disdenee 
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23. 


24. 


25. 


IV. 


26. 


27. 


8a 


Who in your organization makes decisions regarding the following types of Research and 
Development programs? 


Person and/or group in organization 
a) Exploratory Research and Development Programs f 





b) High risk business development Research and 
Development programs 





c) Support of existing business Research and 
Development programs 





Do considerations of scientific break-throughs internal or external to your firm 
influence funding patterns for Research and Development activities? 





Do you have some intuitive or operational criteria for the identification cf a "good 
funding pattern?" 
mes No 





TECHNOLOGICAL FORECASTING 


Does your organization use technological forecasting techniques? Yes No 





Would you please indicate (Y) below whether your firm is currently using, has used in 
the past, plans to use in the future, or has never used the following techniques in 
connection with Research and Development selection and/or Product Development, 


used but 
used used used plan to have discarded 
EOrepasteLouspasit for longer use in never (Give year 
TECHNIQUES Z,years 2-5 years EhanuomyVeaks eeu cuie used discarded) 


28. 


a) Extrapolative Approaches 
b) Morphological Analysis 
c) Scenario Writing 

d) Impact Analysis 

e) Relevance Analysis 

f) Contextual Mapping 

g) Normex Reconciliation 

h) Delphi Method 

1) SOON Charting 


j) Technological Mission 
Analysis 


When considering Research and Development projects does your firm consider the 
following questions? Please check (Y). Vee No 


a) Is Research and Development consistent with corporate 
strategy? 


b) Should we invest in the same technologies as our 
competition? 

c) How do we maximize the flexibility of our organization 
structure in the face of rapid technological change? 


d) How can technology transfer best be achieved from Research 
and Development to Manufacturing and Marketing? 


e) What kind of product/market strategy should we follow? 


f) What technical advantages in our products, at what cost, 
will be needed in the future to give us a substantial 
competitive advantage? 
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29. Does your firm have a specific strategy for internal integration of technological 








5 
forecasting? Yas No 
V. MANAGEMENT GAMES OR SIMULATION S 
30. Does your firm use computers in any aspect of its operation? Yes No 








31. Has your firm any experience in adopting and implementing a "decision information system" 
computerized or other? 


a) Computerized Yes No 





b) Other (please specify) Yes No 








32. Has your firm ever used a management game or simulation in Research and EUS ONS 
selection and/or Product Development? 














Yes No 
oe] 

a) If yes, please describe briefly the area(s) in which a game or simulation was 

utilized. 

poe ee ge ha SR ee 

Av teenie Eee se ee ee 
b) Was the game or simulation computerized? Yes No 
c) Was it successful? Yes No 








Ve * 


33. Has your firm ever used a management game or simulation in any part of its planning 
activity other than Product Development and Research and Development? 


Yes No 








a) I1£ yes, please describe briefly the area(s) in which a game or simulation was 
utilized. 


a 








a 


b) Was the game or simulation computerized? Me's No 


c) Was it successful? Yes No 








34. As indicated in the covering letter we are interested in further in-depth analysis in 
order to build a management game or simulation model that can be used both experiment- 
ally and as an aid for helping project managers learn about techniques that are 
useful in the project selection decision. 


a) Would your firm,’ df selected, be willing to pe miee pe ce in on-site 
interviews (conducted at our expense)? 


Yes No 








b) If current research is successful, would your firm be willing to 
participate in such an experimental management game or simulation? 


Yes No 
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Variable # 


VAROOL] 
VARO02 
VARO03 
VARO04 
VAROO05 
VARO06 
VARO07 


VARO08 


VARO09 


VARO10 
VAROI11 
VARO12 
VARO13 
VARO14 
VAROL5 
VARO16 
VAROL7 
VARO18 
VARO19Y 
VARO20 
VARO21 
VARO22 


APPENDIX C 
PStlont Variables 


Description 


Location, Of efirm 

POsit1One ine rarm 

Geographic Area of Business 
International Markets 
Industrial Classification 
Soley Research and Development 


Research and Development is 
PAGgeeOLmCOSDOVate. Structure 


Both Kinds of Research and 
Development 


Organization of Research and 
Development 


Marketing I 
Marketing II 
Marketing III 
Marketing IV 
Marketing V 
Marketing VI 
Marketing VII 
Marketing VIII 
Management If 
Management ITI 
Paving Ciemle id tam ladads 
Management IV 


Management V 
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Question # 
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3 
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Variable # 


VARO23 
VARO024 
VARO25 
VARO26 
VARO27 
VARO28 
VARO29 
VARO 30 
VARO31 
VARO032 
VARO 33 
VARO034 
VARO35 
VARO 36 
VARO 37 
VARO38 
VARO039 
VARO040 
VARO41 
VARO42 
VARO43 
VARO44 
VARO45 
VARO46 
VARO47 
VARO048 
VARO49 
VARO50 
VARO51 
VARO052 
VARO53 
VARO54 


Description 
Management VI 
Management VII 
Management VILL 
Goneultant 1 
COnGeuU Neat tall 
GConecuUbeantar tf 
Consultant IV 
Coneutan tag. 
Consultan tiv. 

Consu Lean ta VL 
Consultants VLLL 
Marketing Personnel Influence 
Marketing Should I 
Marketing Should II 
Marketing Should III 
Marketing Should IV 
Marketing Should V 
Marketing Should VI 
Marketing Should VII 
Maree eric mo loulds VivtL 
Management Should I 
Management Should II 
Management Should III 
Management Should IV 
Management Should V 
Management Should VI 
Management Should VII 
Management Should VIII 
Consultants Should I 
Consultants Should II 
Consu keenteseohouldg ris 
Gonsultantsyshouldagey, 


Question # 
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Variable # 


VARO55 
VARO56 
VARO57 
VARO58 
VAR059 
VARO60 


VARO61L 
VAR062 
VAR063 
VARO64 
VARO065 
VARO66 


VARO67 


VARO68 


VARO69 


VARO70 


VARO71 


VARO72 


VARO73 
VARO74 


VARO75 


VARO76 
VARO77 
VARO78 
VARO79 


Description 


Gonsul tants Should V 
Consultants Should VI 
Comsimitants should VIL 
Gonsiuetants Shouddy-VErit 
Marketing Influence Should Be 


Research and Development 
Project Selection Techniques 


Ranking Models 

Scoring Models 

Economic Models 

Constrained Optimization Models 
Risk Analysis Models 


Why No Research and Development 
Selection Techniques 


Present Research and Development 
Procedures OK 


Probability Estimates of 
Technical Success 


Probability Estimates of 
Commercial Success 


Probability Estimates of 
Technical and Commercial 
Success 


Projects Selected From 
Alternatives 


Projects Selected 
Pdavaedual Ly, 


Mixed Project Selection 


Steps in Research and 
Development Generation 


Probability of Technical 
Success 


Development Cost 
Development Time 
Availabilty eon so kiULS 


Availability of Research and 
Development Resources 
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Variable #¢ 


VARO80 


VARO81 
VARO82 
VARO83 


VARO 84 
VARO85 
VARO86 
VARO087 
VARO88 
VARO89 
VARO 90 
VARO91 
VARO92 
VARO93 
VARO94 
VARO95 


VARO 96 
VARO097 
VARO98 
VARO99 
VARLOO 
VARLOL 
VAR102 


VAR1LO3 
VAR1O4 
VAR1O5 
VAR1LO6 
VAR107 


VARLO8 


Description 
Availabliity of Research and 
Development Facilities 
Pacenrte status 
Projvece Compatibi 1rty 


Consistency of Project With 
Policies 


CoEpOGater Image 
PrOmLcabaimaty 

Required Capital 

Naty il (Cite 

Rate of Return on Investment 
Un Gee aac eS 

Payout Period 

Asset Utilization 
TMimingroLminkroauctelon 
Sales Life 

Manufacturing Capability 


Facilities and Equipment 
Required 


Raw Materials Availability 
fanufacturing Safety 
Market Potential 

Marketing Capability 
Mackeus bends 

Customer Acceptance 


Relationship With Existing 
Markets 


Market Share 
Market Risk 
Rigtewng 
Product Lines 


Changes in Financial 
Objectives 


Changes in Production 
Objectives 


Question # 


19 (a) 


19 (a) 
19 (a) 
OMG) 


W9(C)) 
19'(d) 
E9O{d) 
Load) 
Lota) 
19 (d) 
OCG) 
HO (d) 
OK) 
Oe} 
Ibsen Ged) 
Ouro) 


19.) 
19) 
Oe) 
59 (ia) 
abe Gey) 
Sheds) 
sO (is) 


LO (2) 
US Gey) 
19. Gia) 
GeO) (si) 
20 (a) 


20 (a) 
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Variable # 


VAR1LO9 


VARL1O 
VARII1 
VARI12 
VAR113 
VAR114 
VARIL15 


VAR116 


VAR1L17 


VAR118 
VAR119 
VAR120 


VAR1L21 


VAR122 
VAR123 


VAR124 


VAR125 


VAR126 


VAR127 


VAR1L28 


VARL29 


VARL30 


VAR131 


Description 
Changes in Marketing 
Objectives 
ChangesainvPinaencial Controls 
Changes in Production Controls 
Changes in Marketing Controls 
More Centralization 
More Decentralization 


PrOUpuinc-otatt. tO Program 
Management 


Increased Professional 
Development 


Decreased Professional 
Development 


Changed Data Source 
Ghangecebataglype 


Improved Morale~--Changed 
Objectives 


Improved Morale--Changed 
Control Systems 


Improved Morale--Centralization 


Improved Morale--Decentrali- 
yAogonKeyel 


Improved Morale--Changed to 
ProgratesaluctuLge 


improved Mora le=—-Increased 
Professional Development 


Improved Morale--Decreased 
Professional Development 


Improved Morale--Changed Sources 


Of siLnLOLrMatlon 


Improved Morale--Changed Type 
of Information 


Improved Productivity--Changes 
in Objectives 


Improved Productivity-—-Changes 
in Control Systems 


improved sProducuivy ity —— 
Centralization 


Question # 


20 (a) 


20'(3B) 
20 (b) 
PAO OEY) 
Z0e) 
20 (eo) 
20 (c} 


Z0i(a) 


20 (d) 


20 (e) 
20 (e) 
21 (a) 


DA Gay) 


21 (ay 
21 (a) 


21(a) 


21 (a) 


21 (a) 


Zia) 


21 (a) 


Pe Gey) 


Bish) 
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Variable # 


VAR132 


VAR1 33 


VAR134 


ERE STS 


VAR136 


VAR137 


VAR138 


VAR139 


VAR1L40 


VAR141 


VAR1L42 


VAR1L43 


VAR144 


VAR145 


VAR146 


VAR1L47 


VAR148 
VAR149 
VARL50 


Description 


Improved Productivity-- 
Becentraltization 


Improved Productivity--Changed 
bOeRrogramny Structure 


Improved Productivity-- 
Increased Professional 
Development 


Improved Productivity-- 
Decreased Professional 
Development 


Improved Productivity--Changed 
sources of Information 


Improved Productivity--Changed 
Ey Deno DrOorlation 


Formal Decision Processes 
Helo log ea Ulvects ions 


Formal Decision Processes 
He md aly) 


Formal Decision Processes 
Help=—Pruning 


Formal Decision Processes 
Help—-kequiteq [mrormation 


Formal Decision Processes 
Help--Make Decisions 


Formal Decision Processes 
Help--Aids Decisions 


Decider--Exploratory Research 
and Development 


Decider--High Risk Research 
and Development 


Decider —— oppo oltre sting 
Research and Development 


Do Breakthroughs Influence 
Funding Patterns 


Criteria for Funding Patterns 


Use of Technological Forecasting 


Technological Forecasting-- 
Extrapolative 


Ouestion # 


rake Ge) 


21 (b) 


21) 


ZAC) 


PHANG ep) 


PAT @e)) 


22 (a) 


22 (b) 


2Z2{C} 


Za) 


22 (e) 


Zita) 


ELS) 


Be) 


OREN Cod) 


24 


Zo 
26 
TACs) 
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Variable # 


VARL51 


VAR1L52 


VARIL53 


VARL54 


VARIL55 


VARL56 


VARL57 


VAR1L58 


VARL59 


VAR1L60 


VARL61 


VAR162 


VAR163 


VAR1L64 


VAR165 


VAR1LE6 


VAR167 
VAR1L68 


VARL69 


VARL70 


Deseril prion 
Technological Forecasting-- 
Morphological Analysis 


Technological Forecasting-- 
Scenario Writing 


Technological Forecasting-- 
Impact Analysis 


Technological Forecasting-- 
Relevance Analysis 


Technological Forecasting-- 
Contextual Mapping 


Technological Forecasting-- 
Normex Reconciliation 


Technological Forecasting-- 
Delphi Method 


Technological Forecasting-- 
SOON ECharcing 


Technological Forecasting-- 
Technological Mission Analysis 


Project Selection--Research 
and Development Consistency 


PrCjJ@eClescieclLion—--Technology 
of Competitors 


Project: Seléction--Flexibility 


Promjece yoclection—-Techno logy, 
Transfer:Research and Develop- 
ment to Marketing 


Project Selection--Product/ 
Market Strategy 


Project Selection--Technical 
Advantage 


Pci Pe Lileed baton L 
Technological Forecasting 


Computers Used in Operations 


Experience in Computerized 
Decision Information Systems 


Experience in Other Decision 
Information Systems 


Other Decision Information 
Systems 


Question # 


ZED) 
20 (co) 
27 (da) 
27(e) 
PAT im) 
27 (g) 
27a) 
Zits (35) 
27 (3) 
28 (a) 
28 (b) 
ABAC) 
200) 
28 (e) 
Zions) 
29 


30 
Sasa) 


515) 


S515} 
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Variable # 


VARL71 


VARL72 


VARL73 


VAR174 


VARIES 
VAR176 
VAR177 
VAR178 
VAR1L79 
VAR18 9 
VAR181 
VAR1L82 


Description 
Games Used in Research and 
Development 


Area Game Used in Research 
and Development 


Game Computerized (Research 
and Development) 


Game Successful (Research and 
Development) 


Games Used Otherwise 

Other Use of Games 

Game Computerized (Other) 
Came wsuccesstul (Other) 
Interviews Consent 

Games Parervci pation Consent 
Sales in 1972 


Ownership in 1969 


Question # 


oy 


32 (a) 


32( 2) 


B21c) 


338 

33 (a) 
83,05) 

25 (cc) 

34 (a) 

34 (b) 
New Data 


New Data 


90 


























